Gravitation of finite range and the accelerated expansion of the universe. 
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In an earlier work [lj we showed that the gravitational interaction could be reproduced as a 
retarded dispersion interaction (Casimir interaction) between particles composed of hypothetical 
particles having harmonic oscillator interactions. Here we derive the modification of the force when 
the vacuum modes have a small but finite temperature. The resulting interaction is of finite range. 
We give the result on analytical form. 
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In a previous work [l[ we opened up for the possibil- 
ity that gravity, considered to be one of the fundamental 
interactions in nature, is not a fundamental interaction 
after all. In our model, gravity is a dispersion interaction 
derived from more fundamental forces between particles 
having harmonic oscillator interactions. The dispersion 
forces are obtained from the change in the zero-point en- 
ergy of the normal modes of the interaction fields in the 
system when the position of the composite particles are 
changed. This is in complete analogy with the electro- 
magnetic dispersion forces between atoms 0, 0] ■ In the 
electromagnetic case there are two regions: the van der 
Waals region for moderate distances; the Casimir region 
for larger distances. We obtain corresponding regions in 
our model but with the proper choice of characteristic 
frequency of the composite particle the van der Waals 
region will never be observed; the range is smaller than 
the diameter of the composite particle. The dispersion 
force will have the r~ 2 dependence for all distances just 
as the gravitational force has. 

The reason we started looking for an alternative origin 
of gravity is two-fold. One reason is that one has not been 
able to verify the existence of the graviton, the quantum 
of the gravitational field. The second is that recent ex- 
periments 3 have pointed to an accelerated expansion of 
the universe. "Vacuum energy is both the most plausible 
explanation and the most puzzling possibility", accord- 
ing to Ref. Q. Another possible explanation could be 
found in a modified gravity. In the present work we pur- 
sue along this second path. 

Big Bang occurred 13.7 billion years ago. Soon af- 
ter the formation of atoms, matter and electromagnetic 
radiation decoupled. Since then the cosmic background 
radiation has expanded, in the same way as the rest of 
the universe, with a factor of approximately 11 000. All 
wave lengths have increased with, and the temperature of 
the cosmic background radiation has decreased with, this 
factor. The present temperature has been found to be 2.7 
K. In analogy to this the radiation associated with the in- 
teraction between the fundamental particles in our model 
decoupled from matter at around the time when the com- 
posite particles were formed. This happened much ear- 



lier than the time of atom formation. Consequently the 
temperature of this cosmic background radiation is much 
lower than that of the electromagnetic counterpart. 

Here we will derive the dispersion force at finite tem- 
perature and demonstrate that this force has a finite 
range. There is a temperature correction factor that 
goes towards zero when the distance goes towards infin- 
ity. The normal modes involved in the dispersion forces 
are of two types. One type is bound to the particles, the 
atoms in the electromagnetic case and the composite par- 
ticles in the case of our model; it affects the forces only at 
close range, in the van der Waals range. The other type 
is a vacuum mode, modified by the boundary conditions 
set up by the presence of the atoms or composite parti- 
cles; this type of mode dominates at large separations, in 
the Casimir range; it was the only type of mode in the 
classical work [5J] by Casimir on the attraction between 
two perfectly conducting plates. This second type should 
be populated in accordance with the temperature of the 
cosmic background radiation. The first type, which we 
are not concerned with here, could be populated differ- 
ently. 

We found [H the interaction potential at zero temper- 
ature is 
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where we have used the fact that the exponential factor 
drops off so fast that only the static polarizabilities enter 
and can be brought outside the integral. Making the re- 
placement oti (0) = rrii \J '32-7T 7 / '25 he; i = 1,2 of the static 
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polarizabilities gives 
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where 7 is the gravitational constant. The force is ob- 
tained as 
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At finite temperature the integral turns into a summation 
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where the rt = term should be multiplied by a factor 
of one half. In the present case we do not have to mind 
this since this term vanishes. We have 



if the vacuum modes have a non-zero temperature. We 
have given the temperature correction factor on analyti- 
cal form. This correction factor should have an effect on 
the expansion of the universe. To be noted is that the r 
and T dependences of the correction factor is in the form 
of the variable y. This means that the cut-off distance for 
gravity increases with the same speed as the expansion 
of the universe. 
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Figure 1: The temperature correction factor. See the text for 
details 
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This summation may be performed analytically and we 
find the temperature correction factor is 



G(r,T)=F(r,T)/F (r,0) 
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where y — 2i:r/h(3c, x — exp (— 2y), z — y/(l —x), and 
(3 = 1/ksT. This temperature correction factor is dis- 
played in Fig. (1). 

In summary, we have demonstrated that the gravi- 
tational interaction derived from particles having har- 
monic oscillator interaction potentials has a finite range 
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